Maleic anhydride (MAN) copolymers with methyl methacrylate, ethyl methacrylate, methyl acrylate, ethyl acrylate, and butyl acrylate monomers at 1:3 mole ratios were synthesized by free radical polymerization in the presence of azobis(isobutyronitrile) as initiator and dry ethyl acetate as solvent. Copolymer compositions were obtained using the related proton nuclear magnetic resonance ( 1 HNMR) spectra, and the polydispersity of the copolymers was determined by gel permeation chromatography. Then, a solution of 2-amino ethyl benzoate salt as a nucleophilic reagent reacted through the ring opening of anhydride groups in copolymers resulting to modified copolymers Iab to Vab. All the prepared polymers were characterized by Fourier transform Infrared and 1 HNMR spectroscopic techniques. The glass transition temperature (Tg) of all copolymers before and after modification was determined by dynamic mechanical thermal analysis (DMTA). It was shown that the chemical modification of MAN copolymers with 2-amino ethyl benzoate substituents as side chains decreased the free volume of the polymers, and therefore, the rigidity and Tg is increased.
Introduction
The mid-nineteenth century saw the first successful attempts to modify polymers in a useful way. The nitration of cellulose was reported in 1833 and Goodyear's vulcanization process was patented in 1844 [1] [2] [3] [4] . Celluloid was in common use by the end of the century and could be said to be the first synthetics, or at least partly synthetic plastic. Since then the scope of application of many polymers, both natural and synthetic, has been widened by suitable chemical modification [5] and that it can homo polymerize by a radical polymerization condition [6] [7] [8] [9] [10] .
In 
Preparation of sodium 2-amino

Ethyl benzoate salt
For preparing sodium 2-amino ethyl benzoate, sodium hydride (4 mmol, 0.096 g) was slowly added to 2-amino ethyl benzoate (4 mmol, 1g) dissolved in 15 ml of DMF at room temperature. Then, the mixture was stirred under nitrogen atmosphere for 30 min.
Modification
Attaching 2-amino ethyl benzoate groups to copolymers (I to V) poly(MAN-co-MMA),
poly(MAN-co-EA) and poly(MAN-co-BA) containing 2-amino ethyl benzoate groups were prepared as follows:
In a 100-ml two-necked round-bottom flask equipped with a dropping funnel, a solution of sodium 2-amino ethyl benzoate in DMF (15 ml) was prepared. 
Results and discussion
Molecular weights
The number and weight average molecular weights (Mn and Mw, respectively) and polydispersity index of copolymer samples were determined by gel permeation chromatography and are presented in Table 2 .
Copolymer composition
In the past few decades, 1 HNMR spectroscopic analysis has been established as a powerful tool for the determination of copolymer compositions because of its simplicity, rapidity, and sensitivity [9] [10] [11] . The copolymer compositions were calculated by the 1 HNMR spectral data (Table3).
The compositions of copolymers synthesized using various monomer feed ratios were determined by the 1 HNMR method and were achieved by comparing the integrals of the maleic anhydride, methyne,and methoxy group regions in the spectra of the commoner units (m1 and m2) in copolymers using 1 HNMR analysis data that were calculated according to the following equations: Table 4 . But due to some reasons the spectra of copolymer IV is not available Protons of aromatic ring has appeared in: (7 to 8 ppm), 2H, in -CH2-c ester: (4.36 ppm), 3H, in CH3: (0 to 1 ppm).
Copolymer II (MAN-EMA)
C=O 
Copolymer II (MAN-EMA) after modification with 2-amino ethyl benzoate groups
The bands related to C=O Maleic anhydride in(1784 and 1855 cm -1 ) was disappeared, Aliphatic C-H : (1497 cm -1 ), C=O Aromatic ring: (1677 cm -1 ),a broad band that it was related to presence of acidic hydroxyl groups in the polymer chains has appeared in 3457 cm -1 , this broad band is represents the ring opening reaction in the base polymers.
H in C-H Anhydride: (4 ppm), 3H, in CH3 related to Carbonyl group of Ethyl 2-amino-benzoic acid has appeared in: (2.98 ppm), H, in Ar-CH: (7 to 8 ppm). 2H, in -CH2-c and H in CH has appeared in: (1.58 to 2.85 ppm), Methine protons of anhydride groups in: (3.84 ppm), 3H in -COOCH3 ester: (3.63 ppm).
Copolymer III (MAN-
MA
Copolymer III (MAN-MA)
after modification with 2-amino ethyl benzoate groups Aliphatic C-H : (2932 cm -1 ), C=O ester: (1680 cm -1 ), C=O aromatic ring: (1499 cm -1 ), a broad band that it was related to presence of acidic hydroxyl groups in the polymer chains has appeared in 3455 cm -1 , this broad band is represents the ring opening reaction in the base polymers.
The peaks in (7 to 8 ppm) are related to Aromatic ring that they are Indicated to Poor absorption, The peaks in (7.28 ppm) are related to impurities of chloroform, and the peaks in (8.02 ppm) are related to impurities of DMF.
Glass transition temperature analysis
The thermal behavior of all the copolymers was investigated by DMTA. The peaks in (7 to 8 Also the conditions of preparation of polymers (I to V) at 70°C are recorded in Table 5 .
Scheme 1. Preparation of MAN copolymers
Scheme 2. Ring opening of anhydride groups to new modified copolymers synthesis. 
Conclusions
We 
